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Abstract 16 
We investigate how the decision support system ‘Modular Evaluation Method 17 
Subsurface Activities’ (MEMSA) can help facilitate an informed decision-making 18 
process for permit applications of subsurface activities. To this end, we analyze the 19 
extent the MEMSA approach allows for a dialogue between stakeholders in a 20 
transparent manner. We use the exploration permit for the underground gas storage 21 
facility at the Pieterburen salt dome (Netherlands) as a case study. The results suggest 22 
that the MEMSA approach is flexible enough to adjust to changing conditions. 23 
Furthermore, MEMSA provides a novel way for identifying structural problems and 24 
possible solutions in permit decision-making processes for subsurface activities, on the 25 
basis of the sensitivity analysis of intermediate rankings. We suggest that the planned 26 
size of an activity should already be specified in the exploration phase, because this 27 
would allow for a more efficient use of the subsurface as a whole. We conclude that the 28 
host community should be involved to a greater extent and in an early phase of the 29 
permit decision-making process, for example, already during the initial analysis of the 30 
project area of a subsurface activity. We suggest that strategic national policy goals are 31 
to be re-evaluated on a regular basis, in the form of a strategic vision for the subsurface, 32 
to account for timing discrepancies between the realization of activities and policy 33 
deadlines, because this discrepancy can have a large impact on the necessity and 34 
therefore acceptance of a subsurface activity. 35 
  36 
 
4
1 Introduction 37 
Recent experiences with subsurface activities highlight the need to include strategic and 38 
social concerns in the permit decision-making process (DMP) for subsurface activities 39 
(van Os et al., 2014a, 2016). Several scholars have indicated possible approaches. 40 
Vanclay (2006) suggests using a social impact assessment to incorporate social 41 
concerns. Sánchez and Silva-Sánchez (2008) propose to facilitate the connection 42 
between the assessment of strategic drivers and project characteristics. However, they 43 
do not seem to address social and strategic as well as environmental and economic 44 
interests in a transparent and balanced way. As these attributes interact, the inclusion of 45 
all these concerns in the permit DMP seems highly important, turning the decision 46 
making into a dynamic process (van Os et al., 2014b). 47 
 48 
In this study, we will present a novel approach that addresses the abovementioned 49 
concerns related to the permit DMP for a subsurface activity. Our approach consists of a 50 
single decision support system, which aims to increase the transparency and credibility 51 
of the DMP while improving the efficiency of subsurface utilization. Following van Os 52 
et al. (2016), we differentiate the DMP for subsurface activities according to the triangle 53 
of social acceptance by Wüstenhagen et al. (2007). This triangle categorizes the DMP 54 
on the basis of its stakeholders and their concerns and interest into three classes: 55 
sociopolitical, market, and community acceptance (see Wüstenhagen et al., 2007). This 56 
differentiation resulted in the Modular Evaluation Method Subsurface Activities 57 
(MEMSA) approach. We will apply this approach to the case of underground natural 58 
gas storage. To the best of our knowledge, this is the first time that a social acceptance 59 
motivated decision support system is used for subsurface activities. We will argue that 60 
MEMSA improves the current permit DMP because it structures the DMP in an orderly 61 
manner on the basis of the requirements and limitations set by the different classes of 62 
social acceptance and their interactions.  63 
 64 
Our case study consists of the prematurely terminated exploration permit process for an 65 
underground gas storage (UGS) facility in the Pieterburen salt dome, in the north of the 66 
66
6
7
7
7
7
7
7
7
7
7
7
8
8
 
Nethe9 
and th70 
The ba72 
Electr3 
assess4 
3 
Figure 7 
represe8 
salt pro9 
triangle80 
 8 
The ex82 
(Minis83 
shortly4 
region5 
rlands. We 
e availabili
sic setting 
icité de Fra
 the potenti
1. Salt domes
nt the outline
duction perm
 shows the lo
ploration p
ter of Econ
 after the a
al non-gov
chose this c
ty of inform
of the case
nce applied
al of an Un
 in the northe
s of the salt do
its. The black
cation of the U
ermit was 
omic Affai
nnounceme
ernmental o
ase becaus
ation.  
is as follow
 for an exp
derground 
rn Netherland
mes at a dep
 dots indicate
GS in the Zu
awarded to 
rs, Agricult
nt, the prov
rganization
e of the plu
s: On 13 Ja
loration per
Gas Storage
s (Remmelts,
th of 1500 me
 some of the e
idwending s
Electricité 
ure and Inn
ince of Gr
s, and a loc
riformity o
nuary 2010
mit for the 
 (see Figur
 2011, TNO, 
ters. The brow
xisting explo
alt dome. 
de France o
ovations, 2
oningen, a n
al interest 
f its develop
, the Frenc
Pieterburen
e 1; EDF, 2
2012). The or
n polygons s
ration wells a
n 23 Novem
012). How
umber of n
group, calle
ment optio
h company
 salt dome 
010). 
ange shapes 
how the exis
nd the black 
ber 2010 
ever, very 
ational and
d Pieterbur
5
ns 
 
to 
 
ting 
 
en 
 
6
Tegengas, protested against the project. Subsequently, Electricité de France relinquished 82 
its permit on the 23 March 2012 (Ministry of Economic affairs, Agriculture and 83 
Innovation.2012a), citing a re-evaluation of its gas strategy as the official reason, as to 84 
why the UGS in Pieterburen was no longer required (EDF, 2012). In our view, as we 85 
will try to show in this paper, another important reason for Electricité de France to 86 
relinquish the exploration permit was the resistance of regional and local stakeholders, 87 
which was intensified by the permit DMP architecture itself. For example, the selection 88 
process for the Pieterburen salt dome was perceived as non-transparent and too 89 
narrowly defined and the need for an UGS was not made clear in light of the energy 90 
transition. Furthermore, there was no early involvement of the host community in the 91 
Pieterburen case. If this had been the case, it would have been clear from the onset that 92 
the host community had strong negative perceptions towards the proposed activity due 93 
to a perceived connection with a nuclear waste repository (NWR). 94 
 95 
The Pieterburen case suggests that several aspects should be included early on in the 96 
permit DMP in order to increase the social acceptance level of the permit DMP and 97 
resulting decisions. That is not to say that we develop a model that will ‘automatically’ 98 
yield decisions that are favorable to project protagonists. However, we would argue that 99 
the inclusion of these aspects would allow for a more constructive dialogue between 100 
stakeholders, instead of the often-observed entrenched positions of the stakeholders. 101 
Therefore, in this paper we will investigate the potential for the systematic inclusion of 102 
these aspects in a decision support system.  103 
 104 
2 The MEMSA process 105 
The general aim of the MEMSA approach is to facilitate a dialog between the relevant 106 
stakeholders in the DMP, by mitigating the shortcomings of the current permit DMP, as 107 
observed in the Pieterburen case, as much as possible. We want to reiterate that it is not 108 
our intention to arrive at a model that results in project acceptance per se, but to account 109 
for key factors that have shown to be highly relevant and have been left unaccounted 110 
for. The DMP needs to be restructured in order to allow for the inclusion of a broader 111 
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range of concerns and interests (van Os et al., 2016). The MEMSA approach structures 112 
the decision-making situation according to Wüstenhagen’s (2007) classes of social 113 
acceptance. It consists of five connected modules: delineation steps, strategic module, 114 
operationalization module, socio-spatial impact module and political integration 115 
module. The result of the MEMSA approach is a ranking of alternative uses of the 116 
geological space under consideration on the basis of both objective and subjective 117 
information. A decision support system is selected for each class of social acceptance on 118 
the basis of the uncertainties, hazards and risks associated with the activities, as well as 119 
the requirements set by the DMP itself, including the relevant stakeholder concerns and 120 
interests (van Os et al., 2016). Therefore, for each module, a different set of 121 
stakeholders is involved, with the exception of the permit granting authority who is 122 
always involved as the process manager, which in the Netherlands is the ministry of 123 
Economic Affairs. Beside the requirements set by each class of social acceptance, the 124 
interactions between the three classes of social acceptance are an important aspect of the 125 
MEMSA approach, because a decision in one class will affect the design of the decision 126 
support system and ranking in the other classes (van Os et al., 2016).  127 
 128 
The starting point of the MEMSA approach is the permit request by a (market) party for 129 
a proposed activity at a specified geological space. The order in which the different 130 
aspects of the permit DMP are addressed in MEMSA is governed by: 131 
1. The dynamic nature of the evaluation subject, for example the properties of the 132 
targeted geological space are relatively static, as constrained by geotechnical 133 
conditions. Other aspects, like strategic national policy goals, are more dynamic 134 
in nature than the geology, because policy goals are affected by changing and 135 
diverse social and cultural views.  136 
2. The required detailed information about the activities impact becomes available 137 
during the DMP, as a result of previous decisions, like type of activity and 138 
installation design. 139 
 140 
The MEMSA approach starts with an evaluation of the alternatives on the basis of 141 
readily available information and knowledge. Although the quality of this information is 142 
usually low, it provides a first insight, which allows for a reduction of the number of 143 
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bidirectional arrows between modules 2 to 5. A detailed overview, including input, output and methods, 159 
for each module is presented in Appendix A.1. 160 
After each module, there is the possibility of filtering out one or more alternatives, with 161 
the exception of the “do-nothing-now” and “do-nothing-forever” alternatives. These 162 
alternatives can be considered similar to the A0 alternative, which is common in 163 
environmental impact assessment practice (López, 2010). However, since it is hard to 164 
quantify the value of the “do-nothing-now” and “do-nothing-forever” alternatives, we 165 
assume that a geological space only has a strategic value if an activity contributes to the 166 
realization of strategic national policy goals, as indicated by the policy goal, activity 167 
products and geological space matrix. First, this implies that the value of the “do-168 
nothing-now” option has the highest rank from a sociopolitical perspective, since all 169 
options are still possible in the future. However, not all activities can be realized at the 170 
same time due to competition between activities. Therefore, the strategic value of the 171 
“do-nothing-now” alternative is equivalent to the alternative with the highest rank in the 172 
sociopolitical acceptance class. Second, the “do-nothing-forever” alternative has a 173 
strategic score of zero if it does not contribute to the realization of strategic national 174 
policy (goals).  175 
 176 
In the remaining sections, we discuss the MEMSA approach in greater detail, using the 177 
Pieterburen salt dome case. However, because of the premature termination of this 178 
project and the broad scope of the MEMSA approach, we have to make additional 179 
assumptions regarding the values and weight factors of some criteria. We will therefore 180 
base the scores for the criteria on other, analogous subsurface activities. Throughout this 181 
paper, we color-coded the assumed values (grey cells) and calculated values (white 182 
cells) in order to indicate the differences. Furthermore, we assume equal weight factors 183 
for subjective input information, unless otherwise indicated. Therefore, the scores and 184 
weight factors used in this study, are to be considered for illustrative purpose only. 185 
 186 
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3 The delineation steps 187 
In order to put subsurface activities like the UGS case study in perspective of the 188 
MEMSA approach, we need to explain the formulation and delineation of the alternative 189 
options. In the delineation module, the alternatives for a geological space are defined on 190 
the basis of the interactions between all possible activities from a geotechnical 191 
perspective, by the geological survey, since they are the custodians of and experts on the 192 
subsurface. The result is a transparent selection process (van Os et al., 2016). It allows 193 
for a proactive procedure, because the MEMSA approach includes all alternatives 194 
upfront instead of broadening the list of alternatives after protest which, like in the 195 
Pieterburen case, can be seen as reactive.  196 
 197 
3.1 Selecting activities 198 
To identify the activities, we introduce the products, geological spaces, activities, and 199 
policy goals matrix, which provides a first insight, on the basis of current technology 200 
and practice, in the relations between 201 
 The geological spaces, such as a cavern in a salt dome; 202 
 The subsurface activities, such as compressed air energy storage (CAES), 203 
production water infiltration (PWI), Carbon Capture and Storage (CCS), 204 
Underground Nitrogen Storage (UNS) or Underground Hydrogen Storage 205 
(UHS); 206 
 The products/services from subsurface activities, such as storage capacity 207 
 The corresponding strategic national policy goals, such as energy reserve. 208 
The products, geological spaces, activities, and policy goals matrix provides an initial 209 
understanding of the types of activities that can be exploited in geological space and 210 
thus allows for a holistic and objective assessment of all possible activities. 211 
Furthermore, it indicates which policy goals are related to the competing activities (for 212 
the complete products, geological spaces, activities, and policy goals matrix, see 213 
Appendix A.2). For a salt cavern, the following subsurface activities and possible policy 214 
goals are identified using the products, geological spaces, activities, and policy goals 215 
matrix, see Table 1. 216 
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 217 
 218 
1. Products/service 2. Activities in salt dome 3. Policy goal  
a. Sodium chloride a. Sodium/chloride production a. Salt production 
b. Magnesium  b. Magnesium production a. Salt production 
c. Natural gas c. Underground Gas Storage b. Energy reserve  
d. Nitrogen d. Underground Nitrogen Storage c. Conversion reserve 
e. Hydrogen e. Underground Hydrogen Storage d. Energy capacity 
f. CO2 f. Carbon Capture and Storage  e. CO2 emission reduction 
g. Electricity g. Compressed Air Energy Storage d. Energy capacity  
h. Oil h. Underground Oil Storage d. Energy reserve  
i. Water i. Production Water Infiltration f. Waste management 
j. Nuclear materials j. Nuclear Waste Repository g. Radioactive waste management 
Table 1. Products, geological spaces, activities, and policy goals matrix (TNO, 2012). 219 
The products, geological spaces, activities, and policy goals matrix indicates that a 220 
typical salt cavern can host 10 different activities, contributing to the realization of 7 221 
different policy goals. However, this is based on the current policy goals and state of 222 
technology. If these are changed, the products, geological spaces, activities, and policy 223 
goals matrix must be updated. 224 
 225 
3.2 Proposing alternatives 226 
In the second stage of the delineation module, the alternatives are proposed on the basis 227 
of the interaction between activities. The degree and nature of the interaction is 228 
determined by the extent to which an activity alters the properties of a geological space, 229 
the reversibility of that change, and the requirements set by a secondary activity. This 230 
can result in a differentiation between positive interactions, i.e. synergy, and negative 231 
interactions, i.e. interference, which can be used to formulate all the possible sequences 232 
of activities. Table 2 lists the sequential relations, between the activities for a salt 233 
cavern. The activities are here depicted twice, in rows (a till j) and columns (1 till 10), 234 
where the diagonal axis reflects the competition between activities on the basis of 235 
exclusivity, which is a part of the permit system in the Netherlands. The other cells in 236 
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table describe the relation between activities on the basis of the geo-technical aspects, 237 
for example 1>c means that in order to have an underground gas storage (c) it is 238 
necessary to first created a cavern by mining salt (a, b).239 
 240 
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On the basis of the sequences of the activities, it is possible to define all currently 245 
known and technically feasible alternatives, allowing for holistic and objective selection 246 
of alternatives. However, it should be noted that the sequential relations depicted in 247 
Table 2 could change, for example due to technological innovations or new activities. 248 
However, this does not require a change of the approach, because new or changing 249 
relationships can be incorporated by adjusting the sequential relationships in Table 2. 250 
 251 
For practical reasons and illustrative purposes, we limit the alternatives for the 252 
Pieterburen case study to a maximum of three consecutive and unique activities, for 253 
example underground gas storage, compressed air energy storage and storage of 254 
nitrogen. Based on this we formulated 160 alternatives, including the "do-nothing-now" 255 
and "do-nothing-forever" alternatives for the case of the Pieterburen salt dome.  256 
 257 
4 The sociopolitical acceptance module 258 
In the sociopolitical acceptance module, the sociopolitical acceptance of an alternative 259 
is determined by analyzing the contribution of activities to the realization of strategic 260 
national policy (goals). This analysis is broad and abstract, due to the low quality of the 261 
available information (van Os et al., 2016). The sociopolitical acceptance module results 262 
in a ranking of alternatives that includes the following: 263 
 The extent to which the selected geological space compares with competing 264 
geological spaces. The aim is to obtain a measure for the necessity of 265 
realizing the proposed activity in the targeted geological space, which is 266 
often disputed in the discussion, as was experienced in the Pieterburen case. 267 
 The extent to which an activity is synergetic with the project area. The aim is 268 
to gain a first pass of in possible siting issues and concerns from the host 269 
community. From the Pieterburen case it was clear that this could have 270 
provided a valuable insight in the position of the community towards the 271 
project. 272 
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 The extent to which an activity contributes to the realization of strategic 273 
national policy goals over time. The aim is to obtain a measure of the sense 274 
of urgency of an activity according to the stakeholders in the sociopolitical 275 
acceptance class. This is important because, as is apparent in the Pieterburen 276 
case, the added strategic value of the proposed project for the Dutch society 277 
at large could not be made clear, resulting in a lack of social acceptance.   278 
 279 
4.1 Comparison of geological spaces 280 
For the comparative analysis of geological spaces, we introduce the situation index. The 281 
situation index is, following Remmelts (2011), based on geotechnical criteria such as 282 
pore volume, permeability, depth, and availability of reusable wells. The normalization 283 
of the score and the weight factors of these criteria are determined by the planned 284 
subsurface activity. For example, in the case of natural gas storage in a salt cavern, 285 
permeability should be low to prevent leakage. However, when comparing aquifers for 286 
geothermal development, permeability should be high to establish an economically 287 
viable flow rate. For the Pieterburen case, MEMSA uses well established geotechnical 288 
criteria (see figure B.1.1).  289 
 290 
Each sub criterion is scored individually and multiplied by a weight factor. The weight 291 
factors are attributed on the basis of the characteristics and requirements of the activity 292 
and are based on existing information. For each alternative, the group criterion is 293 
summed and multiplied by a priority factor, resulting in a ranking of the alternative 294 
geological spaces. The priority factors of the group criteria are based on the input from 295 
the stakeholders. This allows the stakeholders to convey their view, while maintaining a 296 
relatively objective basis through the subcriteria scores. Table 3 shows the situation 297 
indexes for UGS applications in salt domes in the north of the Netherlands. 298 
 299 
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 The range (from zero to one) of the values for the criteria in Table 4 is relatively low, 304 
because the available geological information is limited to regional geological surveys, 305 
which has a relatively low level of detail and high uncertainty margins. The scores are 306 
normalized on the basis of the discrepancy between the requirements set by the activity 307 
(e.g., depth range) and the available information, such as the presence and properties of 308 
wells, which are indicated in bold for each sub criterion. From Table 4, we find that the 309 
Pieterburen salt dome ranks second after the Ternaard salt dome as a possible location 310 
for an UGS1.  311 
 312 
4.2 Interactions with activity site 313 
In order to analyze the extent to which the activity and the project area, including the 314 
host community, are synergetic or interfering, we introduce the site index. Since the 315 
actual location, design and scale of the activity are not known at this phase of the permit 316 
DMP, the site index is based on general information, for example, zoning maps and 317 
examples of similar activities. In this sense, the site index allows for early identification 318 
of previously unknown concerns and interests from the host community. For the 319 
Pieterburen case, the site index uses the criteria mentioned in Appendix B.1.2. 320 
 321 
The site index also uses group criteria and subcriteria, and is normalized and calculated 322 
in a similar manner as the situation index. The site index uses different types of 323 
interaction between an activity and its surroundings (see Table B.1 for an overview). 324 
Where, synergy indicates a positive relation, interference indicates a negative relation, 325 
impact stands for the effect the activity will have on its surroundings, and hazards, 326 
                                                 
1 However, it should be noted that the Pieterburen salt dome is larger than the Ternaard salt dome and that 
the criterion ‘sufficient volume’ is based on an assumed size of the proposed underground gas storage, 
since permit applicants are not obligated to indicate the size of proposed activity at this stage of the 
permit DMP (Remmelts, 2011). Therefore, if the size of the proposed activity would be known at this 
stage of the permit DMP, it would be possible to discriminate more between the salt domes, allowing 
for more efficient utilization of the subsurface 
 which are an unwanted event that may result from an activity. By classifying the 327 
interactions, the decision-making becomes more structured, which, in turn, clarifies the 328 
permit DMP (van Os et al., 2016). Furthermore, because the scores of the criteria are 329 
based on readily available information, characterized by a low level of detail, the 330 
resolving power of the site index is low. This is also reflected in the small scoring range 331 
(0 - 1). Furthermore, for some criteria, such as surface impact during operation, none of 332 
the activities score 1, because activities will always have some impact on their 333 
surroundings. For the Pieterburen case we arrive at the following site index values, see 334 
Table 4, on the basis of the assumed scores and equal weight factors for the criteria 335 
mentioned in Figure B.1.2. 336 
 337 
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From Table 4, we derive that CAES has the highest site index score, 0.65. This is 342 
mainly due to the high score for the synergy options (Figure 6, column 1, row g), since 343 
only a connection to the already existing electricity grid is required. The proposed 344 
activity UGS has the fifth highest rank, with a site index score of 0.53. This mainly due 345 
to the absence of gas infrastructure (Figure 5, column 1, row c) and land use, which is 346 
conflicting with the local zoning plan (Table 6, column 2, row c). 347 
 348 
4.3 Realization of strategic national policy goals 349 
To assess the extent to which an activity contributes to the realization of one or more 350 
strategic national policy goals, we introduce the strategic score. This is a single measure 351 
which quantifies the contribution of an alternative to multiple policy goals in relation to 352 
the degree the policy goal is already realized. We will refer to the latter as the delta 353 
policy goal. In this way, we are able to obtain a measure for the added value of an 354 
additional activity. In this way, the sense of urgency of the strategic national policy goal 355 
is included in the strategic score. Furthermore, the strategic score allows for the 356 
inclusion of different views concerning the priority of strategic national policy goals, 357 
through the use of weight factors, while maintaining the same basic information for all 358 
stakeholders. Moreover, by aggregating these aspects in a single value, the complexity 359 
of the comparison is reduced. The strategic score is defined in a similar manner as the 360 
weighted goal interval programming method described by Tamiz and Romero (1998): 361 
ܵ ௜ܵ ≡ ቀ୼௉ீ೔௉ீ೔ ∗
஼஺೛
୼௉ீ೔ቁ ∗ ܲ ௫ܹ ൅ ൬
୼௉ீೕ
௉ீೕ ∗
஼஺ೞ
୼௉ீೕ൰ ∗ ܲ ௬ܹ ൅ ⋯൅	ቀ
୼௉ீ೙
௉ீ೙ ∗
஼஺೟
୼௉ீ೙ቁ ∗ ܲ ௭ܹ     i=1,..,N      (1) 362 
where 363 
SSi   = Strategic score of alternative i  364 
PGi,   = Policy goals or desired market levels for alternative i 365 ∆PGi,  = Delta policy goal for alternative i 366 
CA p  = Contribution of primary activity 367 
PWx  = Policy priority weight factor for policy goal x (in our case considered equal    368 
                          in % for all activities that have a non-zero value 369 
N  = Maximum number alternatives 370 
p   = Primary activity  371 
s   = Secondary activity  372 
t   = Tertiary activity 373 
 374 
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Table 6. Durations of activities. Column 1 shows the activities. Column 2 indicate the duration i.e. 416 
expected life time of the activity. Column 3 shows the assumed construction time when the corresponding 417 
activity is the primary activity. Column 4 shows the assumed construction time when the corresponding 418 
activity is the secondary or tertiary activity. The values are based on assumptions based on analogue 419 
examples. 420 
 421 
All the temporal coefficient values used in our Pieterburen case are obtained using the 422 
values mentioned in Table 6. 423 
 424 
4.5 Aggregation into a single ranking 425 
To arrive at a single ranking for the sociopolitical acceptance module, the situation 426 
index, site index, strategic score, and the temporal coefficient values need to be 427 
aggregated into one single score. We define this single score as the relative strategic 428 
factor, which is expressed as follows: 429 
ܴܵܨ௜ ≡ ቀ൫ܵܵ௣ ∗ ܶܥ௣൯ ൅ ሺܵܵ௦ ∗ ܶܥ௦ሻ ൅ ሺܵܵ௧ ∗ ܶܥ௧ሻቁ ∗ ൬൫ௌூ೛∗ௐி೛൯ାሺௌூೞ∗ௐிೞଶሻାௌூ೟∗ௐி೟∑ ௐி೛,ೞ.೟ ൰ ∗ ܷܵ   i=1,…,N     (2) 430 
where 431 
RSFi = Relative strategic factor of alternative i 432 
SSp,  = Strategic score of primary activity  433 
TCp  = Temporal coefficient of primary activity 434 
SIp,s,t = Site index of primary activity 435 
SU  = Situation index of the geological space under evaluation 436 
WFp = Weight factor primary activity 437 
p  = Primary activity  438 
s  = Secondary activity  439 
t  = Tertiary activity 440 
N  = Maximum number of alternatives 441 
 442 
 443 
Equation (2) adjusts the strategic score of an alternative in order to include the 444 
limitations caused by the alternative’s temporal coefficient, site index and situation 445 
index. In addition, Equation (2) makes it possible to include a weight factor for the 446 
different site indexes for each activity in an alternative. For the Pieterburen case we 447 
used a linear weight scenario, where the first activity has a higher weight factor then the 448 
second activity and so forth. Through this weight factor, it is possible to adjust the effect 449 
that the site index of activities has on the relative strategic factor of an alternative. In 450 
this sense, it is possible to include the effect of changing social and cultural 451 
considerations of future subsurface activities, in the relative strategic factor values. 452 
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analysis of the relative strategic factor allows the permit granting authority to test the 480 
robustness of the ranking in order support their decision. In the case of termination, the 481 
remaining modules of the MEMSA approach are omitted. In the case of reassessment, 482 
the scores, criteria, and weights used in the sociopolitical acceptance module are 483 
adjusted to reflect new information, concerns, and policy reprioritization. However, in 484 
the case of continuation, the remaining alternatives are further evaluated in the market 485 
acceptance module. For now, we assume for practical reasons that this is the case for the 486 
top 10 alternatives (see Table 7), in order to assess the overall profitably and distribution 487 
of costs and benefits of alternatives. 488 
 489 
5 The market acceptance module 490 
The market acceptance module focuses on acquiring a ranking of alternatives based on 491 
the profitability and corresponding allocation of economic cost and benefits, between 492 
project proponent, national government and the local community. The distribution of 493 
cost and benefits is included because it provides a starting point for the discussion about 494 
(economic) fairness issues and compensation schemes. Although these matters where 495 
already present and discussed, for example in relation to windmill parks, their 496 
momentum increased after the increased occurrence and severity of the induced 497 
earthquakes emanating from the Groningen gas field. Following van Os et al. (2016), 498 
MEMSA uses a real option valuation (ROV) approach. The ranking in the market 499 
acceptance module is based on the following: 500 
 The real option of an alternative, with the aim of incorporating the value of 501 
future activities and the effect of economic risks on expected profitability. 502 
 The amount of revenue for the national government in the form of taxes or 503 
excises   504 
 The amount of local expenditure by the operator, with the aim of assessing the 505 
economic benefits for the host community.  506 
 507 
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5.1 Input information 508 
To compare the alternatives, the projected annual cash flows and investments need to be 509 
aggregated. Table C.1 in the Appendix and Figure 3 provide an overview of the assumed 510 
annual cash flows, annual investments, the activity lifetime, taxes, and other 511 
expenditures that are used in these calculations for each activity. The annual cash flow 512 
and investment of an alternative are discounted against a risk-free rate of 5% before tax, 513 
as follows: 514 
 515 
	ܵܨ௜ ≡ ∑ܥ௣,௦,௧ఛୀ்ᇱ
ௗ െ	ቀ ∑ܥܥ	௣,௦,௧	ሺ݀ሻఛୀ்
்ᇱ ∗ ܩ ௣ܶ,௦,௧	ሺ݀ሻቁ െ ቀ ∑ܥ௣,௦,௧ఛୀ்
்ᇲ ሺ݀ሻ ∗ ܥܧ௣,௦,௧ሺ݀ሻ	ቁ   i=1,…,N        (3) 516 
 517 
	 ௜ܺ ≡ ∑ ܫ௣,௦,௧ఛୀ்
்ᇱ െ	ቀ ∑ ܫ௣,௦,௧ ሺ݀ሻఛୀ்
்ᇱ ∗ ሺܩ ௣ܶ,௦,௧ሺ݀ሻ െ ܩ ௣ܹ,௦,௧,ሺ݀ሻሻቁ െ ቀ ∑ ܫ௣,௦,௧ఛୀ்
்ᇲ ሺ݀ሻ ∗ ܥܧ௣,௦,௧,	ሺ݀ሻቁ െ518 
ቀ ∑ ܫ௣,௦,௧ఛୀ்
்ᇱ ሺ݀ሻ ∗ ܴܥ௣,௦,௧ሺ݀ሻ	ቁ    i=1,…,N                                                                                             (4)	519 
where 520 
SFi  = Discounted total cash flow of alternative i (millions of euro’s) 521 
Xi  = Discounted total investment of alternative i (millions of euro’s) 522 
Cp, = Annual net cash flow of primary activity (millions of euro’s) 523 
Cs, = Annual net cash flow of secondary activity (millions of euro’s 524 
Ct, = Annual net cash flow of tertiary activity (millions of euro’s 525 
Ip = Annual investment of primary activity (millions of euro’s) 526 
Is = Annual investment of secondary activity (millions of euro’s) 527 
It = Annual investment of tertiary activity (millions of euro’s) 528 
d  = Risk-free rate (5 %)  529 
T  = Start date of activity (years) 530 
T’  = End date of activity 531 
GTp = Government tax for primary activity (%, see Table C.1 for the percentage for 532 
each activity) 533 
GTs = Government tax for secondary activity (%, see Table C.1 for the percentage 534 
for each activity) 535 
GTt = Government tax for tertiary activity (%, see Table C.1 for the percentage for 536 
each activity) 537 
GWp = Government tax write-off for primary activity (%, see Table C.1 for the 538 
percentage for each activity) 539 
GWs = Government tax write-off for secondary activity (%, see Table C.1 for the 540 
percentage for each activity) 541 
GWt = Government tax write-off for tertiary activity (%, see Table C.1 for the 542 
percentage for each activity 543 
Gp = Government tax write-off for primary activity (%, see Table C.1 for the 544 
percentage for each activity) 545 
 Gs = Government tax write-off for secondary activity (%, see Table C.1 for the 546 
percentage for each activity) 547 
Gt = Government tax write-off for tertiary activity (%, see Table C.1 for the 548 
percentage for each activity) 549 
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CEp = Community expenditures for primary activity (%, see Table C.1 for the 550 
percentage for each activity) 551 
CEs = Community expenditures for secondary activity (%, see Table C.1 for the 552 
percentage for each activity) 553 
CEt = Community expenditures for tertiary activity (%, see Table C.1 for the 554 
percentage for each activity) 555 
RCp = Research cost for primary activity (%, see Table C.1 the for percentage for 556 
each activity) 557 
RCs = Research cost for secondary activity (%, see Table C.1 the for percentage for 558 
each activity) 559 
RCt = Research cost for tertiary activity (%, see Table C.1 the for percentage for 560 
each activity) 561 
τ = time (in years) 562 
N  = Maximum number of alternatives 563 
 564 
Equation 3 states the total cash flow of an activity on the basis of the annual cash flow, 565 
taxes and community expenditure over its entire duration. Equation 4 states the total 566 
investment of an activity on the basis of the annual investments, taxes, tax write offs and 567 
community expenditure. The scrap value and abandonment cost for each activity are 568 
included in the annual investments (I) for each alternative. We also exclude value added 569 
tax in our analysis, because this is the same for all activities. Furthermore, we do not use 570 
stochastic values for the different cash flows and investments in Equations (3) and (4) 571 
because this variability is already accounted for in the calculation of the real option 572 
value. 573 
 575 
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remaining alternatives have a low or negative ROV value (-31.0 million euro’s to 18.4 663 
million euro’s). The difference in ROV values is primarily related to the UGS activity, 664 
which is the most profitable activity (see Table C.2.1 to C.2.5). This means that 665 
alternatives that contain the UGS activity will have a higher ROV, making it the 666 
preferred activity for market parties. Second, the option value for a secondary and 667 
tertiary UGS activity is reduced due to the discounting of cash flows and lower 668 
economic risks levels (see Figure C.2.1 to C.2.5 and Table 8). Furthermore, the 669 
sensitivity analysis (see Appendix C) allows market parties to optimize the ROV by 670 
adjusting the deferral time and risk level. For example, the ROV approach will result in 671 
higher values than the net present value approach, especially in the case of relative high 672 
risk levels, see Figure C.2.1 to C.2.5. Such results are common for the ROV approach 673 
with European options, because it uses an asymmetrical manner to account for 674 
economic risks, meaning that the negative effects can be avoided, because secondary 675 
and tertiary activities are options (Lander and Pinches, 1998).  676 
 677 
5.3 Distribution of cost and benefits 678 
The next step is to determine the allocation of costs and benefits by including taxes and 679 
tariffs, as well as possible expenditures paid by the activity owner to the community, as 680 
part of a broader scheme for improving their wellbeing. In the Netherlands, the activity 681 
owner is not required to do so by law (Ministry of Economic affairs, Agriculture and 682 
Innovation.2012b). However, the added value of such a scheme has been argued by 683 
scholars (ter Mors et al., 2012). In the MEMSA approach, we therefore include the 684 
possibility of including such a community expenditure.  685 
 686 
Both national government taxes and community expenditures are expressed in MEMSA 687 
in the form of the percentages of the different cash flows of an activity. Table C.1 gives 688 
the assumed percentages used to determine tax and community expenditures. 689 
 690 
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The total amount of national and/or regional taxes and tariffs are calculated using 691 
Equation 9. 692 
ܩ ௜ܶ ≡ ሺܵܨ௣ ∗ ܴ ௣ܶሻ െ ൫ܺ௣ ∗ ܶ ௣ܹ൯ ൅ ൫ܴܱ ௣ܸ ∗ ܲ ௣ܶ൯ ൅ ሺܵܨ௦ ∗ ܴ ௦ܶሻ െ ሺܺ௦ ∗ ܶ ௦ܹሻ ൅ ሺܴܱ ௦ܸ ∗ ܲ ௦ܶሻ ൅ ሺܵܨ௧ ∗693 
ݐሻ െ ሺܺ௧ ∗ ܶ ௧ܹሻ ൅ ሺܴܱ ௧ܸ ∗ ܲ ௧ܶሻ     i=1,…,N                                                                                           694 
(9) 695 
where 696 
GTi = Government tax for activity i (millions of euro’s) 697 
SFp = Discounted total net cash flow of primary activity (millions of euro’s) 698 
SFs = Discounted total net cash flow of secondary activity (millions of euro’s) 699 
SFt = Discounted total net cash flow of tertiary activity (millions of euro’s) 700 
Xp = Discounted total net investment of primary activity (millions of euro’s) 701 
Xs = Discounted total net investment of secondary activity (millions of euro’s) 702 
Xt = Discounted total net investment of tertiary activity (millions of euro’s) 703 
RTp = Revenue tax of primary activity (%) 704 
RTs = Revenue tax of secondary activity (%) 705 
RTt = Revenue tax of tertiary activity (%) 706 
TWp = Tax write-off of primary activity (%) 707 
TWs = Tax write-off of secondary activity (%) 708 
TWt = Tax write-off of tertiary activity (%) 709 
PTp = Profit tax of primary activity (%) 710 
PTs = Profit tax of secondary activity (%) 711 
PTt = Profit tax of tertiary activity (%) 712 
ROVp = Real option value of primary activity (millions of euro’s) 713 
ROVs = Real option value of secondary activity (millions of euro’s)  714 
ROVt = Real option value of tertiary activity (millions of euro’s) 715 
N =Maximum number of alternatives 716 
 717 
Furthermore, to determine the total amount of government tax, the corresponding values 718 
of the three activities that are part of an alternative are defined using  719 
ܩ ௜ܶ ≡ ܩ ௣ܶ ൅ ܩ ௦ܶ ൅ ܩ ௧ܶ   i=1,…,N                                                                                              (10) 720 
where 721 
GTi = Government tax for alternative I (millions of euro’s) 722 
GTp = Government tax for primary activity (millions of euro’s) 723 
GTs = Government tax for secondary activity (millions of euro’s) 724 
GTs = Government tax for tertiary activity (millions of euro’s) 725 
N = Maximum number of alternatives 726 
 727 
The (optional) amount of community expenditure is defined as  728 
ܥܧ௜ ≡ ሺܵܨ௣ ∗ ܩܧ௣ሻ ൅ ሺܺ௣ ∗ ܥܧ௣ሻ ൅	ሺܵܨ௦ ∗ ܩܧ௦ሻ ൅ ሺܺ௦ ∗ ܥܧ௦ሻ ൅ ሺܵܨ௧ ∗ ܩܧ௧ሻ ൅ ሺܺ௧ ∗ ܥܧ௧ሻ			݅ ൌ 1,… ,ܰ  729 
(11) 730 
where 731 
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CEi = Community expenditure for activity i (millions of euro’s) 732 
SFp = Discounted total net cash flow of primary activity (millions of euro’s) 733 
SFs = Discounted total net cash flow of secondary activity (millions of euro’s) 734 
SFt = Discounted total net cash flow of tertiary activity (millions of euro’s) 735 
Xp = Discounted total investment of primary activity (millions of euro’s) 736 
Xs = Discounted total investment of secondary activity (millions of euro’s) 737 
Xt = Discounted total investment of tertiary activity (millions of euro’s) 738 
CEp = Community Expenditure for primary activity (%) 739 
CEs = Community Expenditure for secondary activity (%) 740 
CEt = Community Expenditure for tertiary activity (%) 741 
N = Maximum number of alternatives 742 
 743 
 744 
Furthermore, to determine the total amount of community expenditure, the 745 
corresponding values of the three activities have to be summated: 746 
ܥܧ௜ ≡ ܥܧ௣ ൅ ܥܧ௦ ൅ ܥܧ௧    i=1,…,N                                                                                            (12) 747 
where 748 
CEi = Community expenditure for alternative i (millions of euro’s) 749 
CEp = Community expenditure for primary activity (millions of euro’s) 750 
CEs = Community expenditure for secondary activity (millions of euro’s) 751 
CEt = Community expenditure for tertiary activity (millions of euro’s) 752 
N = Maximum number of alternatives 753 
 754 
5.4 Aggregation into a single ranking 755 
Furthermore, to obtain a single ranking for the market acceptance class, which is 756 
required for the final ranking, the ROV of an alternative, the government tax, and the 757 
community expenditure, are aggregated into a single score, the market acceptance 758 
factor. This factor is the sum of the percentages of the ROV, government tax, and 759 
community expenditure of each alternative, as follows: 760 
ܯܣܨ௜ ≡ ሺ∑ ܴܱ ௜ܸே௝ୀଵ ൅ ∑ ܩ ௜ܶ ൅ ∑ ܥܧ௜ே௝ୀଵே௝ୀଵ ሻ ൈ 100%    j=1,…,N                                             761 
(13) 762 
where 763 
MAFi = Market acceptance factor of alternative i (%). 764 
ROVi = Real option value of alternative i (millions of euro’s). 765 
GTi = Government tax of alternative i (millions of euro’s). 766 
CEi = Community expenditure of alternative (millions of euro’s). 767 
N = Maximum number of alternatives 768 
 769 
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 The NWR alternative (A10), cannot be dropped as an alternative, because it 801 
doubles as the do-nothing-now alternative, see section 2.2. 802 
  The UGS, CAES, and UHS alternative (A46), because it has the highest market 803 
acceptance factor value and UGS is the actually proposed activity in the 804 
Pieterburen case. 805 
 The CAES, UGS, and UHS alternative (A114), because it has the highest market 806 
acceptance factor value of all other alternatives where UGS is not the primary 807 
activity, see Table 11. 808 
6 The community acceptance module 809 
The community acceptance module focuses on the impact of an activity on the host 810 
community, as perceived by the host community itself. In this sense the host community 811 
can have a say in the aspects that are closely related to them, which is an often-heard 812 
lacking attribute of the current practice (van Os et al., 2016). Therefore, following van 813 
Os et al. (2016), the MEMSA approach uses an analytical hierarchical process with a 814 
pairwise comparison, because this approach fulfills the requirements set by the 815 
community acceptance stakeholders to a high extent. In MEMSA, the impact of an 816 
activity is subdivided into the environmental, economic, and social impacts and risk that 817 
result from a subsurface activity. The priority for each of these aspects, following Al-818 
Harbi (2001), is expressed on a nine-point scale for each pairwise comparison. This 819 
approach allows the formulation of a dominance matrix. This matrix contains the 820 
synthesized priorities for each criterion, on the basis of the pairwise comparisons. 821 
Furthermore, most alternatives have possible future secondary and tertiary subsurface 822 
activities. In this respect, it is important to consider that the view from the host 823 
community can vary over time, for example due to experience gained during the 824 
operation of the primary activity (van Os, et al., 2016). This may have a substantial 825 
impact on the perception of the host community of those future activities. In addition, 826 
the lack of accurate detailed information, such as the impact of a secondary activity that 827 
could take place in 30 years’ time, reduces the comprehensibility of the comparison. 828 
Therefore, in the community acceptance module only the alternative’s primary activity 829 
is evaluated. 830 
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 831 
6.1 Input information 832 
To evaluate the environmental, economic, and social impact and corresponding hazards, 833 
the MEMSA approach uses the following (existing) assessments: 834 
1. The field (resource) development plan (FDP), based on a local geological model 835 
and contains information such as production rates and the installation design, 836 
including the projected cash flows. 837 
2. The environmental impact assessment (EIA) is used to obtain information about 838 
changes in surface conditions, such as ground subsidence or the risk of 839 
groundwater pollution. 840 
3. The social impact assessment (SIA) contains information about changes in social 841 
conditions. Furthermore, SIA embodies a process in which the host community 842 
is involved in the DMP to a greater extent (Vanclay, 2006). This is 843 
operationalized in community acceptance module by including the community’s 844 
views regarding the activity and the corresponding impacts and risks, in the 845 
assessment of community acceptance. 846 
In the MEMSA approach, the FDP, EIA and SIA are integrated in a single evaluation, 847 
thus allowing a comprehensive evaluation of the desired and undesired impacts. 848 
However, in the permit DMP, the usefulness and perceived importance of the criteria in 849 
these assessments depend on the activity, the project area, the community, and other 850 
contextual matters, such as regulations. Therefore, these criteria should be defined and 851 
assessed in conjunction with the competent authority and the host community in an 852 
early phase of the permit DMP, preferably when assessing the site index. In the 853 
Pieterburen case, the permit DMP was terminated before the FDP, EIA and SIA where 854 
available. We therefore assume that the criteria used in the Pieterburen case description 855 
are sufficient. Furthermore, on the basis of similar cases, we assume the following 856 
hazards and impacts, see Table 12. 857 
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From Table 13, it results that the “do-nothing-forever" alternative has the highest community 877 
acceptance priority factor value of 53%. This result indicates that this alternative is the most 878 
preferred by the host community. The second highest-scoring alternative is A114 (CEAS), 879 
with a community acceptance priority factor value of 18%. Furthermore, the lowest-scoring 880 
alternative is the proposed A46 (UGS) alternative, with a community acceptance priority 881 
factor value of 12%. These results suggest that the host community would prefer not to utilize 882 
the Pieterburen salt dome at all. This insight can be used by the permit granting authority to 883 
decline the permit or to select a different location where community acceptance priority factor 884 
for the “do-nothing-forever" alternative is lower. In addition, the permit granting authority can 885 
use the sensitivity analysis of the community acceptance priority factor to improve it, by 886 
compensating or mitigating the key negative aspects of the proposed activity, as perceived by 887 
the host community.  888 
However, it should be noted that the community acceptance priority factor ranking is based on 889 
the assumption that the priorities are linearly related to the assumed scores shown in Table 890 
12.In a real-life application, this may not be the case, because the preference of criteria by 891 
community members may suffer from an inconsistency. Therefore, the extent to which the 892 
pairwise comparisons are internally consistent has to be investigated by determining the 893 
consistency ratio. The consistency ratio is a measure that indicates the internal consistency or 894 
rationality of the dominance between criteria (Al-Harbi, 2001).  895 
 896 
7 Integration module 897 
As indicated by van Os et al. (2016), a final ranking from a social acceptance perspective 898 
should be based on easily demonstrable principles to facilitate the discussion among the 899 
stakeholders in the permit decision-making process. In addition, the evaluation methods used 900 
in each acceptance module need to fulfill the requirements originating from each social 901 
acceptance class (van Os et al., 2016). Therefore, the MEMSA approach uses a weighted 902 
summation of relative strategic factor, market acceptance factor, and community acceptance 903 
priority factor, called the social acceptance factor. In this manner, the MEMSA approach 904 
complies with the two above mentioned requirements. Furthermore, the weight factor for the 905 
relative strategic factor, market acceptance factor and community acceptance priority factor 906 
allows stakeholders to include the priority of each social acceptance class in the overall 907 
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ranking of the alternatives, according to their own view. However, because several 908 
alternatives were eliminated in the sociopolitical and market acceptance modules, the relative 909 
strategic factor and market acceptance factor values need to be adjusted to reflect the reduced 910 
number of alternatives after the community acceptance module. This adjustment takes place 911 
in the integration module, because the remaining alternatives can only be determined after the 912 
community acceptance module. We use the following equations to adjust the relative strategic 913 
factor and market acceptance factor values: 914 
ܴܵܨ′௜ ≡ ோௌி೔∑ ோௌிೕೕಿసభ ∗ 100%    i=1,…,N                                                                                                             (14) 915 
 916 
ܯܣܨ′௜ ≡ ெ஺ி೔∑ ெ஺ிೕೕಿసభ ∗ 100%    i=1,…,N                                                                                                  (15) 917 
where 918 
RSFi  = Relative strategic factor of alternative i 919 
RSF’i  = Adjusted Relative strategic factor for alternative i 920 
MAFi  = Market acceptance factor for alternative i 921 
MAF’i  = Adjusted Market acceptance factor for alternative i 922 
N  = Maximum number of alternatives 923 
 924 
Equations (17) and (18) normalize the relative strategic factor and market acceptance factor 925 
values to make them comparable with the community acceptance priority factor values and to 926 
reflect the reduced number of alternatives. Furthermore, to incorporate the relative importance 927 
of the social acceptance classes, we use a weight factor: in defining the social acceptance 928 
factor values 929 
ܵܣܨ௜ ≡ ܴܵܨ′௜ ∗ ܲ ோܹௌி ൅ ܯܣܨ′௜ ∗ ܲ ெܹ஺ி ൅ ܥܣܲܨ௜ ∗ ܲ ஼ܹ஺௉ி      i=1,…,N                               (16) 930 
where 931 
SAFi  = Social acceptance factor of alternative i 932 
RSF’i  = Adjusted Relative strategic factor of alternative i 933 
MAF’i  = Adjusted Market acceptance factor of alternative i 934 
CAPFi  = Community acceptance priority factor of alternative i 935 
PWRSF  = Priority weight factor for sociopolitical acceptance class 936 
PWMAF  = Priority weight factor for market acceptance class 937 
PWCAPF  = Priority weight factor for community acceptance class 938 
N  = Maximum number of alternatives 939 
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lower, while considering everything else the same. In this sense the MEMSA approach 972 
facilitates the evaluation of the interactions between subsurface activities. 973 
In addition, the “do-nothing-forever” alternative has a higher social acceptance factor value 974 
then the A10, which doubles as the “do-nothing now” alternative, despite it only scored in the 975 
community acceptance class. These results reflect the decision made in the actual Pieterburen 976 
permit DMP. First, the local community was against any development of the salt dome, as 977 
reflected in the high social acceptance factor score of the “do-nothing-forever”. Second, the 978 
national government did not support an UGS to her fullest extent, by using its overriding 979 
power. Here, a possible explanation could be the low strategic value of UGS in comparison to 980 
a NWR and the reservation for a future use.  981 
 982 
7.1 Interpreting the MEMSA results 983 
Aggregation of the relative strategic factor, market acceptance factor and community 984 
acceptance priority factor values into a single ranking reduces the insight in the underlying 985 
relations between criteria applied. This reduces the potential to formulate possible solutions 986 
and to indicate an alternative’s structural shortcomings. We believe this insight can be 987 
provided by the sensitivity analysis of relative strategic factor, market acceptance factor, and 988 
community acceptance priority factor as included in Appendix B.3, C and D, when the 989 
sensitivities are transparent. For example, for the A10 NWR alternative, extending the deferral 990 
time improves ROV and, in turn, market acceptance factor. Furthermore, from the sensitivity 991 
analyses of the community acceptance priority factor values, it is clear that the NWR is 992 
sensitive to a change in the economic benefits for the host community. Furthermore, reducing 993 
the environmental impact, for example, by relocating or reducing some of the surface 994 
installations, will have a positive effect on the community acceptance priority factor of an 995 
NWR. However, it is doubtful, considering the low score of the NWR alternative for the 996 
environmental and social group criteria, that this strategy will be successful. It is also 997 
questionable if the low acceptance levels can be increased due to activity-specific constraints. 998 
For example, eliminating the need for a surface facility will probably decrease the social and 999 
environmental impact of an NWR and thereby increase the community acceptance priority 1000 
factor. However, for all practical purposes, an actual NWR will always have a surface facility. 1001 
 1002 
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8 Conclusion 1003 
We investigate how the decision support system ‘Modular Evaluation Method Subsurface 1004 
Activities’ (MEMSA) can help to overcome the shortcomings of the current practice in the 1005 
Netherlands. In this respect, it appears that MEMSA facilitates a more informed decision-1006 
making process for permit applications of subsurface activities. It has not been our intention 1007 
to arrive at a model that results in project acceptance per se, but to account for key factors that 1008 
have shown to be highly relevant and have been left unaccounted for.  1009 
From our case study of the Pieterburen salt dome, we conclude the following with regard to 1010 
the MEMSA approach: Firstly, it facilitates the formulation of alternatives in a more proactive 1011 
procedure, which reduces potential bias in the selection procedure of alternatives, as often 1012 
observed in practice. Secondly, it allows for the identification of additional concerns by the 1013 
community, in an earlier phase of the permit decision-making process, then is possible now. 1014 
Thirdly, it considers the consequences of a decision following from the path dependency of a 1015 
subsurface activity for strategic national policy goals in more concrete terms. In addition, 1016 
MEMSA makes the contribution of a subsurface activity explicit. Both are lacking in current 1017 
practice, often resulting in unsupported claims in the DMP and corresponding discussion. 1018 
Fourthly, it ranks alternatives on the basis of economic performance and the distribution of 1019 
cost and benefits, providing a common factual basis for the discussion about compensation 1020 
and economical justice. Fifthly, it allows the host community to become more involved in the 1021 
permit decision-making, in a structural manner that corresponds to their knowledge level, 1022 
concerns and interests. Finally, it facilitates the evaluation of the interaction between 1023 
subsurface activities, which is lacking in the current practice in the Netherlands. Based on 1024 
these conclusions, we argue that the applied tools and methods in the MEMSA approach seem 1025 
to provide a more transparent and structured process that facilities a dialogue in which the 1026 
stakeholders can express their concerns and interests in a more comprehensive fashion, than 1027 
what is possible the current practice.  1028 
 1029 
The results from our case study are based on a selection of criteria in each class of social 1030 
acceptance and several assumptions regarding the relevance these criteria, such as policy 1031 
goals weight factors. A lack of strategic national policy goals and their relative importance 1032 
reduces the ability of the MEMSA approach to discriminate between alternatives. 1033 
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Furthermore, due to a lack of information we used analogues to determine the scores for many 1034 
of the criteria. Although the criteria, criteria scores and information are based on examples 1035 
from the literature and analogous cases, they are perhaps not generally applicable and require 1036 
case-specific adjustment, especially regarding the site index and community acceptance 1037 
priority factor. However, this information is hard to obtain beforehand. This is why we 1038 
structured the MEMSA approach in the described manner, going from abstract to detailed. 1039 
This means that the criteria use in the MEMSA approach are selected on the basis the context 1040 
of the specific case. In this sense the MEMSA approach should be seen more as a flexible 1041 
evaluation process that facilitates the discussion between stakeholder, then a static evaluation 1042 
method that provides normative results.  1043 
 1044 
Furthermore, we limit our sensitivity analysis to the policy priority for the relative strategic 1045 
factor, the assumed risk level, and the deferral time for the real option values and the group 1046 
criterion priority for the community acceptance priority factor. However, in some cases, a 1047 
more extensive sensitivity analysis may be required. In addition, a geological space could 1048 
have an intrinsic value that cannot be quantified. We therefore use an indirect approach to 1049 
determine the value of the “do-nothing-now” and “do-nothing-forever” alternatives that 1050 
assumes that a geological space only has strategic value when an activity contributes to the 1051 
realization of strategic national policy goals. However, this indirect approach may omit in 1052 
some cases a part of the intrinsic value. Such a situation effectively acts as an ex post 1053 
evaluation of policy and policy goals. If a stakeholder argues that some important policy goals 1054 
or fields are not accounted for in MEMSA, these can be easily incorporated, for example, in 1055 
the products, geological spaces, activities, and policy goals matrix without changing the 1056 
approach itself.  1057 
 1058 
Furthermore, by analyzing the concerns, interests, and resulting interactions, it is possible to 1059 
indicate the order and extent to which these aspects should be addressed in the permit 1060 
decision-making process. We argue that this is very useful for decision-makers working on 1061 
subsurface activities, because in this sense the MEMSA approach is more concrete in the 1062 
“when and how” regarding community involvement than the popular claim that the 1063 
community should be involved to a greater extent in an early phase. 1064 
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 1065 
Despite the assumptions regarding the selection and scores of criteria, used in our study of the 1066 
Pieterburen salt dome, we identify the potential of the MEMSA approach for including 1067 
strategic and social concerns as well as economic and environmental concerns in the permit 1068 
DMP for subsurface activities in a single transparent approach. The benefit of the MEMSA 1069 
approach is that it can systematically address the interactions resulting from the inclusion of 1070 
strategic, environmental, economic, and social concerns. Furthermore, the MEMSA approach 1071 
structures the permit DMP for subsurface activities and it allows for the inclusion of 1072 
stakeholder’s view, thereby improving the DMP. The MEMSA approach may be also useful 1073 
in other research or policy fields, where there is a need for a systematic comprehensive 1074 
project evaluation of a wide variety of alternatives that includes both strategic and social 1075 
aspects. 1076 
 1077 
Finally, the MEMSA approach includes the top down interaction between the strategic level 1078 
and project level. However, the bottom-up interactions between project level and strategic 1079 
national policy for the subsurface, are not included in the MEMSA approach. We would like 1080 
to argue that the bottom up interactions should be included in a decision support system, 1081 
because the subsurface activities that are realized will determine the extent to which strategic 1082 
national policies will be achieved. By understanding the bottom up interaction, it would 1083 
possible to better adjust strategic policies for subsurface in order to mitigate unwanted 1084 
strategic outcomes. Therefore, we will investigate in future research the potential of 1085 
identifying and analyzing key parameters which describe the interactions between strategic 1086 
policies for the subsurface and the associated activities.  1087 
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Appendix B.1 1161 
Table B.1.1: Situation index criteria.  1162 
Criteria Explanation
Structure The structure is related to the shape and depth of the geological space, which affect the potential of subsurface activity.
Safety Safety aspects that are affected by the geo-technical parameters.
Infrastructure Infrastructure that may affect the profitability and risk level of a subsurface activity.
Legal Legal aspects that may affect the opportunity to execute a subsurface activity.
Available volume (1=sufficient) The criterion indicates if the geological spaces have the necessary volume to accommodate the proposed subsurface activity. A high factor e.g. 1 indicates that the volume is sufficient. A low factor e.g. 0 indicated that the volume is not sufficient.
Faults (1= no faults) The criterion indicates the presence of faults and the extent in which they may negatively affect the safety of subsurface activities. A high factor e.g. 1 indicates no faults or no negative effect. A low factor indicates e.g. 0 indicates the presence of faults or the potential of a negative effect.
Homogeneity (1= no irregularities) The criterion indicates the homogeneity of the geological space. A high factor e.g. 1 indicates a high level of homogeneity. A low factor e.g. 0 indicates a low homogeneity level or a lack of information.
Presence of re-usable infrastructure 
(1=yes)
The criterion indicates the presence of existing re-usable infrastructure, like wells. A high factor e.g. 1 indicates the presence of re-usable infrastructure. A low factor e.g. o indicates no presence of re-
usable infrastructure.
Exploration well (1=yes) The criterion indicates the extent in which there is an exploration well is present that provides the desired information, for example to the target depth. A high factor e.g. 1 indicates the presence of an exploration well that provides the desired information. A low factor e.g. 0 indicates that there is no exploration well.
Licensed (1=no) The criterion indicates the extent in which the geological space is licensed to another licenses holder. A high factor e.g. 1 indicates that the geological spaces are not licensed. A low factor e.g. indicates that the geological space is licensed to another license holder.
B.1.1 Situation index criteria
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Table B.1.2: Site index criteria 1163 
 1164 
 1165 
 1166 
Criteria Explanation
Synergy options Potential beneficiary aspect between the subsurface activity and other local (economic) activities or processes.
Interference Potential limiting factors that follow from interference with other human activities.
Impact The physical impact of the surface installation of the subsurface activity.
Risk The risk related to the technical and geological aspects of the subsurface activity.
Local supply of production resources 
(1=high)
The criterion indicates the local supply of locally sourced production resources, excluding labor, which are necessary for the subsurface activity. A high factor e.g. 1 indicates a high local supply of 
production resources. A low factor e.g. 0 indicated no local supply of production resources.
Local demand for production (waste) 
stream (1=high)
The criterion indicates the extent in which products that result from the activities can be used locally. A high factor e.g. 1 indicates a high potential use. A low factor e.g. 0 indicates a low potential local 
use of products that result from the subsurface activity.
Conflicting policy (1=no) The criterion indicates the extent in which policy excludes the subsurface activity. A high factor e.g. 1 indicates that there is not conflicting policy. A low factor e.g. 0 indicates that there is conflicting policy.
Conflicting land use (0=yes) The criterion indicates the extent in which there is a conflicting land use. A high factor e.g. 1 indicates no conflicting land use. A low factor e.g. indicates a conflicting land use.
Interference with other subsurface 
activities (1=no interference)
The criterion indicates the potential interference with other subsurface activities i.e. a negative relation between subsurface activities. A high factor e.g. 1 indicates no interference. A low factor e.g. 0 
indicates a high level of interference.
Surface impact of activity during 
operations (0=high) The criterion indicates the level of surface impact of the subsurface activity during operations. A high factor e.g. 1 indicates a low level of impact. A low factor e.g. o indicates a high impact.
Remaining surface impact after closure 
of activity (1=low)
The criterion indicates the surface impact after the production life of the subsurface activity. A high factor e.g. 1 indicates a low impact after cessation of the subsurface activity. A low factor e.g. 0 
indicates a high impact after the cessation of the subsurface activity.
Maturity of technology / activity 
(1=high)
The criterion indicates the maturity of the technology used for subsurface activity in a certain geological setting. A high factor e.g. 1 indicates a very mature technology. A low factor e.g. 0 indicates an 
immature technology.
Remaining risk level after abandonment 
of activity (1=low)
The criterion indicates the combination of the likelihood and severity of potential hazards that are associated with the subsurface activity, used technology and geological setting. A high factor e.g. 1 
indicates a low risk level. A low factor e.g. 0 indicates a high risk. 
Mitigation potential during operation 
(1=high)
The criterion indicates the mitigation potential of the reducing the likelihood and severity of a hazard. A high factor e.g. 1 indicates a high mitigation potential. A low factor e.g. 0 indicates a low 
mitigation potential.
B.1.2 Site index criteria
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Table B.1.3: Community acceptance criteria. 1167 
Criteria Explanation
Expenditure scheme (Monetary 
scale)
The level of expenditure, the requirements for expenditure and the level of control of the host community in the formulation of the 
expenditure scheme.
Loss in property value (Monetary 
scale) The expected loss in property value, including real estate, land and businesses.
Local economic benefits 
(Monetary scale) The expected indirect benefits originating from the proposed subsurface activity, only includes monetary units.
Subsidence/tremors (3-point 
semantic scale) The expected likelihood and severity of subsidence and tremors.
Water changes (3-point semantic 
scale) The expected change in the quality and quantity of ground and surface water.
Ecological changes (3-point 
semantic scale) The expected change in the quality and quantity of the local ecology.
Cultural/historical changes (3-
point semantic scale) The expected change in the quality and quantity of the cultural and historic protected sites
Technical-Environmental changes 
(3-point semantic scale) The expected likelihood and severity of changes to technical environmental aspects, like sound levels and light pollution.
Environmental hazards (3-point 
semantic scale) The expected likelihood and severity of risk that affect the environment, like a leakage from a well.
Perception proponent (5-point 
semantic scale) The perception of the host community concerning the proponent.
Influences on social-economic 
minorities (3-point semantic 
scale)
The expected/ perceived effect that the activity will have on socio-economic minorities.
Strain on local emergency 
services (3-point semantic scale) The expected/ perceived strain on local emergency services in the case of calamities.
Safety hazards (3-point semantic 
scale) The expected/ perceived likelihood and severity of risk that affect the safety of the host community, like a blow out of a gas well.
Spatial integration (3-point 
semantic scale) The judgment of the host community concerning the spatial integration of the surface installation of the subsurface activity.
B.1.3 Community acceptance criteria
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times are 1, 10, 20, 30 and 65 years). Based on these inputs the sensitivity of the ROV is calculated while using 1232 
the same value as in the base case for the other parameters mentioned in Equations 5, 6 and 7.  1233 
On the basis of the results shown in Figures C.2.1 to C.2.3, we conclude that risk, mitigation 1234 
and deferral times have an effect on the ROV of an activity. Furthermore, we see a difference 1235 
in effect between activities with a positive and negative ROV. However, the ROV of the 1236 
CAES alternative behaves similarly to the UGS alternative as a function of risk and deferral 1237 
time (see Figure C.3.3). 1238 
  1239 
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Appendix D Sensitivity of the community acceptance priority factor 1240 
To calculate the community acceptance priority factor, we assumed certain priority weight 1241 
factors for the economic, environmental, and social group criteria, that is, the group criteria 1242 
priority. In the base case, we consider the priority factors to be equal for each group criterion, 1243 
namely, 33.3%. However, this could be an unrealistic assumption. Therefore, to analyze the 1244 
sensitivity of the community acceptance priority factor values for each alternative, we use 1245 
three priority weight scenarios, consisting of alternating priority weight factors of 66%, 16%, 1246 
and 16% for each group criterion. It is possible to investigate the sensitivity of the ranking of 1247 
the community acceptance priority factor on the basis of these scores. 1248 
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Figure D.2 shows that the “doing-nothing-forever” alternative has the highest community 1257 
acceptance priority factor value in each of the priority weight scenarios, which would indicate 1258 
a robust ranking. Furthermore, both the NWR and CAES score relatively well, depending on 1259 
the applied weight scenario. The UGS scores the lowest. Furthermore, we can observe that the 1260 
community acceptance priority factor score for the NWR is mainly determined by the 1261 
economic criteria. This is, to a lesser extent, also applicable to UGS and CAES. The “do-1262 
nothing-forever” alternative is as expected, since the economic impact is minimal, almost 1263 
indifferent to the scores related to the economic criteria. Furthermore, we can observe that the 1264 
environmental and social criteria affect the community acceptance priority factor value to a 1265 
great extent.  1266 
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sensitivities for the community acceptance class, we could conclude that the best course of 1287 
action would be an increase in community compensation or a decrease in the environmental 1288 
impact, in order to increase the community acceptance priority factor.  1289 
